Abstract
Introduction
The cost of the health represents a considerable weight in the economic balance sheet on international scale. Also, in many countries, the aging or psychological shocks of the population tends to increase the number of people strongly requiring medical monitoring even more or less intensive care and of this fact the global cost of medical care.
The recent technological advances of mobile telecommunications networks have led to the emergence of a wide variety of new ways for users to access and use information witch interest it anywhere and anytime [1] . Then, today a simple mobile phone can contribute effectively to safeguard of the human lives.
This paper describes an application using mobile wireless networks to treat and monitor the state of patient and aged ones at home.
The majority of the works undertaken in this field carry out the analysis of the signals on large server (great capacities, better resolutions…). We suggest in this article to introduce the complete analysis of ECG signal for the cardiac persons on a simple mobile phone by respecting its necessary constraints.
The suggested solution is an implement of an algorithm which transmits the data of the patient via a wireless communication in the purpose to exploit a mobile phone for medical monitoring (detection, calculation of cardiac frequency, visualization of ECG signal on the screen of the mobile phone…).
Problem
The constraints of this work concern in particular to the need for an approach focused on the characterization and determination of the parameters of specific ECG signal of each person. The habits of daily life as well as physiological characteristics vary according to individuals. The complexity of the problem resides in a great inter-individual variability of the recorded data, and also in broad intra-individual possible modifications being given the often not very foreseeable aspect of human behaviors [2] , [3] .
The problem also is posed on the level implementation of an efficient algorithm intended to solve all the preceding constraints and adapted to mobile phones. This implementation requires many constraints (low resource calculation, memory capacity, resolution…) to run properly. In this context, the considered study leads to an inexpensive solution, efficient and comfortable for patients at any time and anywhere, provided that they have a mobile terminal. Indeed, they could benefit of a medical monitoring security, without the inconvenience and without excessive expenditures.
Platform system and functions
The considered system allows a patient to be in contact, at any time, with his doctor for medical monitoring (Figure 1 ). The implemented application on a mobile phone, functions on all mobile terminals or PDAs equipped with a J2ME virtual machine. This algorithm allows communications GSM / GPRS with other devices. In this case, the transmitted data concerns the ECG signal collected on remote sites. The procedure consists to implement on a mobile device the following operations:
-Display of 5000 samples (amplitudes: mV) of signal ECG of the patient. -Detection of the peaks R (times between each two peaks, cardiac frequency). -Calculation of QRS durations. -Visualization of ECG signal with 5000 samples on the screen of mobile terminal. -Possibility to zoom the ECG signal.
Choice of technology
In terms of remote exploitation of the stored data on a computer at home, the most adapted solution consists to use a simple mobile phones linked by a GSM / GPRS to this database. It is a technology, easy and rapid to be implemented.
This implies the existence of an http connection between doctor's mobile terminal and monitoring home automation system to recover data of ECG signal. This choice is dictated by the following characteristics: [4] -http is obligatorily implemented on all terminals MIDP (J2ME). -http is independent of the network.
-The port 80 of the http protocol is more easily working on the firewall.
Choice of development environments
The recording and the acquisition of the ECG data were carried out using MATLAB.
Java applications have been implemented under NetBeans IDE environment.
A simulation tool Sun Java ™ Wireless Toolkit 2.5 for CLDC was exploited to examine all the possible wireless communications. It allows applications on devices with low resources calculations such as a mobile phone [5] .
Implementation
As mentioned before, our implementation achieves the medical service which provides the continuity of remote monitoring at home and immediate alarms to deal with the patient in the event of need.
The implementation of this service requires the development of two distinct applications:
-A first to be installed on mobile phones to detect and treat the critical situations of patient via wireless support. -A second function on the PC at home in order to acquire and record data relating to the patient.
Development on mobile phone
The development of applications on mobile phones is based on the use of the CLDC configuration and profile MIDP. In addition to these two standards, we have exploited some optional packages such as WMA for the management of services SMS / MMS and Web Services API.
The libraries necessary for the implementation for each component of J2ME are as follows: [6] API MIDP: is, till now, what is installed on mobiles "compatible J2ME": -javax.microedition.Icdui: it provides the graphic components necessary to the creation of applications. 
API CLDC :
Javax.microedition.io: It contains the classes making it possible to connect itself via TCP/IP or UDP. The principal object of this package is the class Connector [4] .
This application on the client, called MIDlet, is carried out with the virtual machine J2ME (KVM) on the mobile terminal. It has as the role to receive measurements of the devices of the patient at home, to treat these data or to store them if necessary.
It also allows to the doctor to send an alarm in case of a critical situation.
Development on PC
The second application (patient at home) is composed of different sub-programs. They have for function to store the entering data in a database, and allow to the doctor to establish the diagnosis of the patient either by execution of an algorithm incorporated into his cell phone, or by exploiting the received data.
Simulation
The networks GSM/GPRS are useful to transmit ECG data of a patient. Currently, mobile phones of last generations are able to send and receive all sorts of messages (text, image, sound...). They offer in addition to the voice communication, a supply of services on a large scale, which allows considering a multitude of applications for these devices.
Our investigation consists to integrate an ECG signal on a mobile phone to ensure a medical remote monitoring service of patients at home. We describe in what follows the basic concept in electrophysiology of the heart in order to specify the components of the electrocardiogram (ECG). 4.3.1. Electrocardiography. Electrocardiography deals with the study of the electrical activity of the heart muscles. The human body being electrically conductive, the electric potentials produced by the activity of the heart can be collected by electrodes placed on the thorax the model recorded of this electric activity of the heart, on a frontal level (derivations of the members) and on a horizontal level (derivations of precordiales) is an electrocardiogram.
For each heartbeat, the electrocardiogram record 4 successive waves (P, R, T, U) ( Figure 2 ). Each of these waves is characterized by its amplitude and its duration. The table 1 summarizes these values for a normal person [7] . This diagnostic tool allows to detect the rhythmic cardiac pathologies, muscular, extracardiaques metabolic problems, Medicinal, hémodynamiques and others. 4.3.2. Application. This section describes a medical application implemented in a mobile phone to treat and characterize the ECG signal. This application consists to develop a MIDlet to take remotely the evolution of the state of patients and to calculate parameters witch characterize the ECG signal.
The implementation of the proposed model for transmission simulating, storage and data processing of the electrocardiogram is realized with the J2ME environment. For reasons relating to the rapid evolution of technology, it is always preferable to avoid carrying out specific applications to a type of mobile equipment owner (Windows, Symbian, Palm / OS) [8] . J2ME allows the development of applications which can run on all compatible mobiles.
The following paragraphs present the principle of the implementation, the global structure of the implementation of simulation and finally the analysis result of the calculated parameters (Cardiac frequency averages, QRS duration …).
-The principle of implementation
Being given the complexity between the portable telephone's technology and number of parameters of the model which must be defined in priori, an adaptation of data to this context consists to use a set of files in the format text for the definition of the current exploited values for the simulation and the default values. A graphical interface on the phone allows the display of contained parameters in the files. The simulation, once launched, can then retrieve values from these files. At the end of the application, the generated results are stored in memory of the mobile terminal, and possibly displayed on the screen. The interface of the result is presented on figures 7, 8.
-Global structure of the implementation of simulation
The global structure of the simulation program is completely sequential. It calls, one after the other, the functions realizing the principle stages of the simulation and successively corresponding to the generation of the different parameters of ECG signal.
These parameters include the duration between two successive peaks R, complex duration QRS and cardiac frequency. Each called function takes as entering parameter the results of the call of the previous function and provides the results of its execution to the following function.
The stages of the MIDlet execution are detailed in the following section.
-Calculated parameters and analytical result
During the launching of the application, MIDlet allows to the doctor to activate the mode of the medical remote monitoring ECG (Remote Monitoring ECG): At the beginning, the application will operate and communicate in autonomous mode with measurement devices. Then, the phone collects 5000 samples, generated by the electrodes placed on body of the patient at home (Figures 5, 6 ) and stores these data.
These samples are points in mV which constitute the Electrocardiogram. The graphical interface which is in this case the portable's screen, allows to collect, display, store and calculate the parameters of simulation (time between two successive peaks R, QRS duration,…), after an adaptation of medical data to the context. Our adaptation strategy consists to convert or replace the content of a text file to be sent to the doctor. For example, we convert a character to a number because the values of the ECG are recorded as format ". Txt".
The principle of this process is the characterization of ECG signal. After receiving the medical data, the doctor is invited to consult the latest results of his patient (Figures 7, 8 ) in order to take the adapted decision.
The diagnosis and treatment can be done using the implementation of calculation algorithm on the mobile. It allows to calculate the most significant parameters necessary to the characterization of an ECG.
First of all the incorporated algorithm in the mobile phone must position all the peaks R (after an adaptation of recorded data in the textual files quoted before). It calculates the duration between each two successive peaks R by multiplying the number of point located between these two peaks by the sampling frequency. To deduce the average cardiac frequency it is enough that it calculates the average of the durations of a fixed number of peaks R than it divides one fixed period (one minute in this case) by this average value (Figure 7) . The calculation of the QRS duration follows the same procedure. The last stage is the display of ECG signal on the mobile terminal's screen (Figure 8 ). In this scenario, it has involved several peaks R for the implementation of each model containing the definition of parameters. Each simulation model containing ECG data corresponding to a patient generates parameters which characterize the patient: time between two successive peaks, duration QRS and cardiac frequency.
Thus, the doctor can observe the ECG signal in real time on his screen with 5000 samples: (Figure 8 ) A more importantly option allowing to zoom the part which presents an anomaly, is implemented in our application. It is enough to the doctor to introduce a begin point and an end point (time interval) in order to widen the part in question (figure 9). At present we are interesting in the transmission of a ECG signal on several channels to make a multitude of analysis for the same cardiac patient and increase so the efficiency of the system, while having the possibility of revising all the results. 
Quality of service
Within the framework of this work, the problem of the quality of service of the mobile networks for the second or third generation, lives on one hand in a environment with various requirements of good functioning and on the other hand in two ways of transport of the information: circuit or packet. The doctor wants to know always about state of evolution of the patient. What requires to have at least an acceptable quality of service in the mobile communication to be able to sanction by a correct decision-making. We can say that the zero risk does not exist. Prevention measures in the system of remote monitoring, chosen suitably according to needs, can reduce considerably this risk. For that purpose, this application requires a real-time transmission and is not tolerant in the errors. It requests for more or less raised debits. -60ko minimum of memory capacity available on the phone to store 5000 samples and the calculated parameters (after analysis).
Diffusion of software.
To diffuse this software, there are several possibilities, but in each case, the two only files which must be provided to the user are: the file ".jad" and the file ".jar". These files must be transferred on the mobile phone, for that there are several solutions:
-Download on the phone of an E-mail containing both files in attached peaces.
-Access to the files placed on a Web server. -Transfer using Bluetooth or infrared signal.
-… In all the cases, the two files must be in the same one repertory or the same E-mail.
Installation of the program.
Being given that the installation differs according to the mobile phones, it is not possible to give a precise procedure. But normally, the simple fact of opening the file ".jad" is enough to install the application.
Evaluation
The proposed simulation algorithm is articulated on two fundamental points: the first one relates to the simulation step in the respect of the complexity and objectives of the medical remote monitoring context at home, the second one is the more global vision in the resolution cycle of construction problem of the behavior profile of person to ensure a critical situation. The suggested remote monitoring consists to monitor and diagnose the state of a patient using the methodology developed in this project. Thus, the doctor treating a person with risk cardiac can at any time control the state of his patient by consulting in real-time the ECG on his mobile terminal and the classification of pathology by the developed algorithm.
Conclusion
This article refers to analysis biological signals of a patient, recorded at home and detected on the mobile phone of his doctor. This technique allows medical remote monitoring of cardiac or hypertensive patients.
Also, the identification, by the developed algorithm, of the medical profile of a patient at home and the detection of critical situations cannot cover all medical indicators corresponding to each patient. Thus, the improvements of this algorithm must be adapted to diagnose new pathologies.
This solution, not costly and easily realizable, is adapted to the portable devices ensuring medical monitoring anytime and anywhere. It is in this vision that other services, associated to mobiles and intended for the telemedicine and the house automation are under development.
